The total cost of a haematology and clinical chemistry laboratory, including external and hospital costs, was studied in a district general hospital in The Netherlands. The main conclusion is that the number of samples analysed is the most important cost -setting factor, but that reduction in the number of requests does not result in the proportional diminution of costs.
In recent years there has been increasing interest and concern in the costs of laboratory tests. Apart from the studies undertaken to develop national price lists, such as the Cooper-Lybrand method' for Great Britain, de Vries 2 tried to place the laboratory in an economical perspective, while Krieg et al. 3 developed a system that provides information about costs related to specific laboratory tests, since third-party payers may base future reimbursement on costs rather than on charges. In fact for the same reason Stilwell" improved the Cooper-Lybrand method and calculated the costs of a clinical chemistry laboratory in a district general hospital. Broughton and Hogan" described a method of costing clinical laboratory tests which should rectify ommissions in previous methods and which should overcome the basic theoretical difficulty of allocating indirect costs. They concluded that the total annual costs for each analyte may be a more useful indicator of expenditure than the cost per test.
Ten years ago Peto et al:" considered the possible role of operational research in clinical chemistry in relation to improving performance. They concluded that complex operational research techniques, including simulation, have little to offer. Haeckel? analysed various cost factors of automated analytical systems. He introduced the concept of the critical batch size as a measure useful in deciding whether mechanization of a laboratory procedure should be introduced. Lo et al.H demonstrated a simple procedure for tabulating the income and ex-penditure of a laboratory and found the information useful for cost control. Worth 9 presented a scheme providing a facility for costing a defined laboratory workload on different instruments and hence he refers to it as relative costing of analytical systems. Also Rollason'" evaluated the comprehensive costing for Technicon SMA 12160 and SMA 6/60 systems and Hablous!' evaluated the costs of various discrete analysers.
But in all these studies not only the methods but also the costs included vary widely, and consequently results as well as conclusions are not comparable. Thus, we decided, in order to get a clear insight into the costs of the various tests and to make results comparable, to include in our study even the costs made by the hospital for services such as gardening, portering services, laundry and so on.
At the time of this study, 1979, the St Elisabeth Hospital in Tilburg, The Netherlands, was a 760-bed general hospital residing in a 50-year-old building with a large out-patient department with 210 ()()() out-patient visits that year, serving a medical school. The chemistry laboratory covers the whole field of clinical chemistry, haematology and blood coagulation, and had just started radioimmunoassays.
General principles and definitions TEST
In The Netherlands the revenues of a laboratory are based on what is known as Tarief VII. This list summarizes all analytes and all tests for which the patient can be charged; each analyte is given a certain amount of points based on the workload in 1955, e.g. sodium 5 points, glucose 4 points. Every year the price per point is fixed. Therefore it would be desirable to calculate the cost per analyte as given in Tarief VII, but using a flame photometer the cost remains the same whether the concentration of sodium or potassium or both are determined in a single sample. Hence we decided to calculate the cost per test and we defined a test (= cost unit) as a collection of results produced as a regular unit. This means that we calculated the integral costs of a complete analysis on a SMAC, of a chromatogram, of an electrophoretogram and so on.
A COST CENTRE
The accounting system of a hospital distinguishes between cost centre and cost type. A cost centre collects all costs related to certain functions in the organisation and will usually coincide with a department as, for instance, the laboratory. Cost centres are subdivided into main and auxiliary centres, main cost centres being all the patient can be charged for. A cost type on the other hand is a collection of costs of the same kind, like salaries.
DIRECT AND INDIRECT COSTS
Direct costs are those that are directly linked to the performance of the analysis itself; all other costs are indirect, being subdivided into indirect in-lab and indirect hospital costs, on the basis that the accounting system of the hospital charges the costs of the laboratory or to another hospital department. In total we had to deal with 24 hospital departments, 18 indirect in-lab cost centres and 25 cost-bearing tests, as we will see further on.
DISTRIBUTION BASIS
The tests, being the ultimate products and the costs units, are allocated all the costs made by and for the laboratory. To estimate the share in the costs of the departments that render services to another department, use is made of so-called distribution bases. These are assessed on the kind of services delivered: the costs of the personnel department were allocated in proportion to the number of co-workers. However, the choice of a reasonable distribution basis is not always easy, but use was made of two guides: a set employed by the Dutch National Hospital Institute and a set used in the earlier study. On the whole we followed the Dutch National Hospital Institute but we deviated when another key seemed more realistic or more suitable. We also had to introduce new distribution bases for the costs centres unknown in the national model, especially in allocating the indirect in-lab costs.
CALCULATION OF COST PRICE
Input-output analysis'? is in general the method of choice in allocating costs to calculate the unit cost of the ultimate products of an organisation. It requires knowledge of all the costs of every cost centre and the values of various distribution bases. The model consists of a large number of mathematical equations which can be solved. But in our case the laboratory does not deliver services to other main departments in the hospital, neither do main departments to the laboratory. So it is possible to reduce the number of main cost centres to two, the laboratory and the collection of all the other main departments. In the same way the number of cost units are reduced to the cost units of the laboratory and one out-of-lab cost unit.
Furthermore there are no back-deliveries between the auxiliary departments in general. This means that it is possible to put all departments (cost centres) in such an order that deliveries take place in just one direction; every department renders services to following, not to foregoing departments. Costing can now be done by the so-called roll-up method. The costs of the first cost centre are passed on to the others and so one by one the costs of the various cost centres are rolled up and allocated to the cost-bearing products, the in-lab tests and the one out-of-lab cost centre. By adding the direct costs to the indirect costs we gain a very good estimate of the integral costs per test and a better insight into the structure of the costs.
Results

DIRECT COSTS
As mentioned in the foregoing paragraph, it was our original intention to calculate the cost per analyte, but this would yield a distorted view where costs are determined mainly by a number of samples, the analytical equipment available and the internal organisation of the laboratory. After consideration we decided to group the 139 different analytes (in a Tarief VII sense) together in 25 cost units. As these cost units are directly indentifiable-by apparatus, by its space, by its function-it is possible to calculate the direct cost per unit (= per test). These direct costs include: -depreciation, interest and maintenance; -consumables; -chemicals: standards, controls, cleaning solutions, reagents; -gross salaries for the technicians performing the test. For tests performed outside normal working hours, technician costs are allocated in proportion to the number of tests performed during these periods. In order to use 'true' labour costs we divided all technicians into junior and senior groups and calculated the mean salary of each group. Table 1 shows the 25 cost units and their direct costs. In addition to the 25 cost units there are still another 18 auxiliary cost centres in the laboratory accounting system. Half of these centres contain costs incurred for just a part of the laboratory activities.
These indirect in-lab costs include gross salaries, stationery, printed matter, recording paper, telephone, books, subscriptions, glassware, chemicals, furniture, travelling expenses, data processing etc.
The sum total of the direct and indirect in-lab expenses equals the total costs of running the lab in 1979, as identified in the hospital accounts. Table 2 shows the 18 residual in-lab cost centres and their costs. Consumables are cups, tubes, tubing, glassware, spare parts, recording paper, maintenance of the equipment and such.
Chemicals consist not only of reagents but also of standards, controls, blanks. They turn out to be falsely low for LH and high for prolactin, as these analyses were being developed in that year.
Depreciation contains the writing-off for depreciation of equipment and furniture but not of the building and the technical installations.
Reception and administration contains the costs related to the unrolling of a request (forms, registration, sorting, centrifuging, distribution over the lab) and to the clerical work. We have divided these costs evenly as the differences between the samples are of minor importance. Yet there are three distinctive Lease The accounting department of our hospital distinguishes 28 main and 53 auxiliary cost centres. However, being interested in the indirect costs of the laboratory only, it is possible to reduce the number of departments. Thus, as mentioned before, we reduced the number of the main costs centres to two: the lab and all the others grouped together. Likewise the auxiliary cost centres could be reduced from 53 to 29 because several of them did not render services to the lab, e.g. the nurses' school and the animal farm. Table 3 shows the calculated indirect hospital costs.
UNIT COSTS Table 4 summarizes the following calculated unit costs. The number of samples equals the number of patients' samples charged.
Direct salaries comprise the gross salaries of the technicians directly involved in the performance of the analysis. These direct salary costs add up to f 1 897 587 (£ 421 686) (rate of exchange 1 £ = f 4,50) and account for half of the salary costs on the lab account: f 3 789 896 (£ 842199). TABLE 3 . Indirect hospital costs f £ exceptions. Nearly half of the microscopic differentials had been analysed on the Hemalog D first, so the reception costs had already been made. Part of the thrombotest workload is requested on behalf of the Thrombosis Service and the clerical work is done by that service. The determination of the bleeding and coagulation times is done at the ward, so part of the activity does not take place inside the lab.
The indirect in-lab costs, 13% of the overall costs, compose management, staff, part of the instrumental service, research and development. Since we paid much attention to the development of the nuclear laboratory, indirect in-lab costs were high for radioimmunoassays that year. In Table 4 all indirect in-lab costs attributable to reception, clerical work and so on are allocated under these heads. Consequently the direct and the indirect in-lab costs in Table 4 equal those in Table 1 and Table 2 in so far as the sum total is concerned.
The hospital computer is placed under control of a central data-processing division. The lab feeds the request into the computer. Some of the apparatus (SMAC, Hemalog 8, Hernalog D, Auto Analyzers) is connected on line; results from these other analysers are fed in manually. The data processing division takes care of reporting, clearance, reviews, etc. Again we kept the costs equal for all samples but we excluded microscopic differentials, qualitative urine analyses and the analysis called 'qualitative II', as they are processed without the computer. For the same reason the thrombotests performed for the Thrombosis Service stand aside, Furthermore, the Hemalog D was connected to the computer only during the last few weeks of that year.
Discussion
We would have liked to compare our results with those reported in the literature, but there are insurmountable difficulties. Only Stilwell gives the costs per blood sugar test (£1,16 including labour, materials, capital and overhead) and for the analytes Na and K only Broughton and Hogan" give a figure for the revenue costs of labour and consumables (£ 2·90). Therefore we dropped the idea of comparing interlaboratory costs.
Looking at our own results it is striking that the number of samples is the most important cost-setting factor. As soon as a test is performed 10 000 times a year, the cost per test comes up to the marginal costs. Furthermore
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the figures suggest that the marginal costs per cost unit are f 15·()() to f 20'()() (£ 3·50 to 4·50).
We also conclude, as has Stilwell" that from the observed shortfall of cost substantial economies of scale could potentially be exploited.
The Dutch Tarief VII bases its reimbursement on the technician's direct time. Although it is often claimed, and concluded by Broughton and Hogan", that there is no relation between direct labour and total costs per analysis, we find a reasonable relation between direct labour cost (x) and the overall cost The question arises whether costing is worthwhile. We believe that it is necessary for a better check on efficiency and for better planning for the future.
The results summarized in Table 4 show clearly that a reduction in the number of requests does not lead to a proportional diminution of the costs, just as costs rise only marginally with an increase in the number of requests. So, if the number of samples analysed on the SMAC fall from 70 000 to 60 000, it will result in a cut-down of the costs of about f 40 coo-eo (£ 8889) (10 000 times the costs of consumables 1,53, chemicals 2·02 and some indirect costs) instead of a proportional fall of f 146 5()() (£ 32 556) (10 000 times f 14·65). This is a consequence of the fact that reducing the number of samples hardly influences direct labour, depreciation and interest, reception and clerical work, the costs of the EDP department or the indirect hospital costs. It means that only radical measures, as for instance the abolition of a complete analytical station, really effect economies. 
